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6&$3$LVDUHVHDUFKIDFLOLW\GHGLFDWHGWRSURYLGLQJ
KLJK HQHUJ\ SDUWLFOH EHDPV DQG KLJK SHDN EULJKWQHVV UDGLDWLRQ SXOVHV IRU XVHUV DFURVV D ZLGH UDQJH RI VFLHQWLILF DQG
HQJLQHHULQJGLVFLSOLQHV$SDLURI7L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WKHXQLYHUVLW\OHYHOLQODVHUGULYHQDFFHOHUDWLRQ7KHQHZFHQWUHVXSSRUWVVHYHQGHGLFDWHGUDGLDWLRQEHDPOLQHVDFURVVWKUHH
VKLHOGHGEXQNHUVWKDWHDFKQRPLQDOO\VSHFLDOLVHLQGLIIHUHQWDVSHFWVRIIXQGDPHQWDOODVHUSODVPDLQWHUDFWLRQSK\VLFVDQG
UDGLDWLRQ VRXUFHV *H9VFDOH HOHFWURQ EHDPV 0H9 SURWRQ DQG LRQ EHDPV ;UD\V JDPPD UD\V HWF 'HYHORSPHQW RI
DSSOLFDWLRQSURJUDPPHVEDVHGRQWKHVHVRXUFHVFRYHUDZLGHUDQJHRIILHOGVLQFOXGLQJQXFOHDUSK\VLFVUDGLRWKHUDS\VSDFH
UDGLDWLRQUHSURGXFWLRQZDUPGHQVHPDWWHUKLJKILHOGSK\VLFVDQGUDGLRLVRWRSHJHQHUDWLRQ
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
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3DUWLFOHDFFHOHUDWRUVDQGUDGLDWLRQOLJKWVRXUFHVEDVHGRQUDGLRIUHTXHQF\5)RUPLFURZDYHGULYLQJILHOGVDUHZHOO
HVWDEOLVKHG UHVHDUFK WRROV VSDQQLQJ D UDQJH RI IXQGDPHQWDO DQG DSSOLHG VFLHQWLILF DUHDV 7KH PD[LPXP VXVWDLQDEOH
DFFHOHUDWLQJILHOGVDUHa09POLPLWHGE\FDYLW\EUHDNGRZQDQGWKHUHIRUHODUJHH[SHQVLYHLQIUDVWUXFWXUHVDUHUHTXLUHG
IRU KLJK HQHUJ\ SDUWLFOH EHDPOLQHV ;UD\ V\QFKURWURQ DQG IUHHHOHFWURQ ODVHU )(/ VRXUFHV DUH EDVHG RQ PDWXUH 5)
WHFKQRORJ\ZKLFKKDVHQDEOHGODUJHIDFLOLW\LQYHVWPHQWVWREHPDGHKRZHYHUWKHVPDOOQXPEHURIIDFLOLWLHVDQGWKHLUKLJK
FRVWVKDVOHGWRRYHUVXEVFULSWLRQ
7KHUHFHQWGHYHORSPHQWRIKLJKSRZHUXOWUDVKRUWSXOVHODVHUVLVOHDGLQJWRWUDQVIRUPDWLYHDFFHOHUDWRUWHFKQRORJLHVWKDW
KDYHWKHSRWHQWLDOWRUHSODFHFRQYHQWLRQDODFFHOHUDWRUVDQGUDGLDWLRQVRXUFHVIRUDZLGHUDQJHRIDSSOLFDWLRQV7KHKLJK


HOHFWULFILHOGVRILQWHQVHODVHUSXOVHVIRFXVVHGRQWRJDVSUHIRUPHGSODVPDRUVROLGWDUJHWVFDQFDXVHFKDUJHVHSDUDWLRQ
ZKLFKSURGXFHVHOHFWURVWDWLFILHOGVZLWKDFFHOHUDWLQJJUDGLHQWVWKDWFDQEHPRUHWKDQWKUHHRUGHUVRIPDJQLWXGHJUHDWHUWKDQ
LQ5)DFFHOHUDWRUFDYLWLHV6XFKXOWUDFRPSDFWPPWRFPVFDOHDFFHOHUDWLQJVWUXFWXUHVFDQIRUPWKHEDVLVRIVRXUFHVRI
KLJKHQHUJ\HOHFWURQVSURWRQVDQGLRQVDQGKLJKEULJKWQHVV;UD\DQGJDPPDUD\SXOVHV7KHLUXQLTXHFKDUDFWHULVWLFV
UHGXFHG UHTXLUHPHQW IRU ODUJH LQIUDVWUXFWXUH DQG WKH GHYHORSPHQW RI PRUH UHOLDEOH ODVHUV FRXOG HYHQWXDOO\ OHDG WR
ZLGHVSUHDGGHSOR\PHQWDFURVVXQLYHUVLW\LQGXVWU\DQGPHGLFDOHQYLURQPHQWVZLWKDKXJHO\EHQHILFLDOVRFLHWDOLPSDFW
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SRZHU7LVDSSKLUHODVHUV\VWHPVDQGWKHYDULHW\RIDFFHOHUDWLQJFRQILJXUDWLRQVWKDWFDQEHVWXGLHGDFFRUGLQJWRWKHGHVLUHG
RXWSXW SDUWLFOH VSHFLHV DQG FKDUDFWHULVWLFV /DVHU ZDNHILHOG DFFHOHUDWRUV DUH VRXUFHV RI IHPWRVHFRQG WR DWWRVHFRQG
GXUDWLRQSXOVHVRIUHODWLYLVWLFHOHFWURQVZLWK*H9HOHFWURQHQHUJLHV;UD\VDQGJDPPDUD\V/DVHUVROLGLQWHUDFWLRQVOHDG
WR 0H9 SURWRQ DQG LRQ EHDPV DQG VHFRQGDU\ SDUWLFOHV E\ WDUJHW QRUPDO VKHDWK DFFHOHUDWLRQ UDGLDWLRQ SUHVVXUH
DFFHOHUDWLRQRUEUHDNRXWDIWHUEXUQHUDFFHOHUDWLRQ/DVHUSXOVHUHSHWLWLRQUDWHVDUHFXUUHQWO\DKXUGOHWREHRYHUFRPHIRU
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
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7KH8QLYHUVLW\RI6WUDWKFO\GHKDVKDGDQRSHUDWLRQDOODVHUZDNHILHOGDFFHOHUDWRUVLQFHDVWKHFHQWUHSLHFHRIWKH
RQJRLQJ$GYDQFHG/DVHU3ODVPD+LJKHQHUJ\$FFHOHUDWRUVWRZDUGV;UD\V$/3+$;SURMHFWZKLFKDLPVWRGHYHORS
FRPSDFWFRKHUHQWUDGLDWLRQVRXUFHVDQG6&$3$UHSUHVHQWVDVLJQLILFDQWH[SDQVLRQLQWKH8.¶VH[SHULPHQWDOFDSDELOLW\
LQGHYHORSLQJODVHUGULYHQDFFHOHUDWRUV7KHQHZFHQWUHFRPSULVHVVHYHQSDUWLFOHDQGUDGLDWLRQEHDPOLQHVVLWXDWHGLQWKUHH
VHSDUDWHFRQFUHWHVKLHOGHGEXQNHUV7KHVHLQFOXGHSURWRQDQGLRQEHDPOLQHDUHDVWKDWZLOOVXSSRUWUHVHDUFKLQWKLVDUHD
6LPLODUODVHUSRZHUKDVDOVRUHFHQWO\EHHQWKHGULYHUIRUWKHJHQHUDWLRQRI|*H9HOHFWURQEHDPVIURPDODVHUZDNHILHOG
DFFHOHUDWRU$ZD\RIZRUNLQJWKDWKDVFDUULHGRYHUIURP$/3+$;LQWR6&$3$LVWKHFRQFHSWRISHUPDQHQWDFFHOHUDWRU
EHDPOLQHVWKDWHQDEOHLQGHSWKKLJKTXDOLW\V\VWHPDWLFUHVHDUFKSURJUDPPHVVXVWDLQHGRYHUDORQJSHULRGRIWLPH7KLV
LGHDXQGHUSLQVWKHGHVLJQRIWKHFHQWUHZKLFKLQFOXGHVPXOWLSOHEHDPOLQHVHDFKRIZKLFKVSHFLDOLVHLQGLIIHUHQWWRSLFVRI
ODVHUGULYHQDFFHOHUDWLRQ7ZRGULYLQJODVHUV\VWHPVDOORZVLPXOWDQHRXVRSHUDWLRQRIWZRDFFHOHUDWRUEHDPOLQHVLQGLIIHUHQW
EXQNHUVZKLOHSUHSDUDWRU\ZRUNLVFRQGXFWHGLQWKHWKLUGEXQNHU

6&$3$LVODLGRXWRYHUWZROHYHOVDQGWKHWKUHHEXQNHUVIRUPWKHEXONRIWKHORZHUOHYHO7KHODVHUODEVDUHORFDWHGRQ
WRSRIWKHEXQNHUVRQWKHVHFRQGOHYHO$VVKRZQLQ)LJXUHWKH7:ODVHUGULYHVWKUHHEHDPOLQHVRQHLQ%XQNHU$
DQGERWKLQ%XQNHU&ZKLOHWKH7:ODVHUGULYHVIRXUEHDPOLQHVWZRLQ%XQNHU$DQGERWKLQ%XQNHU%7KHODWWHU
ODVHULQ%XQNHU%LVILUVWURXWHGWRDSODVPDPLUURUV\VWHPIRUSXOVHFRQWUDVWHQKDQFHPHQWEHIRUHGHOLYHU\WRWKHEHDPOLQH
7RPD[LPLVHWKHZRUNLQJVSDFHZLWKLQHDFKEXQNHUFRQFUHWHVKLHOGLQJGRRUVWKDWIORDWRQFRPSUHVVHGDLUVNDWHVDUHXWLOLVHG
LQVWHDGRIFKLFDQHVDVVKRZQLQ)LJXUH

7KHEXQNHUOD\RXWLVVXLWDEOHIRUKDQGOLQJWKHUHVSHFWLYHSDUWLFOHVSHFLHVJHQHUDWHGLQHDFKEHDPOLQHDQGWKHUHIRUH
VXSSRUWVWKHUHVHDUFKDQGDSSOLFDWLRQSURJUDPPHV%XQNHU&KRXVHVWKHUHORFDWHG$/3+$;EHDPOLQHDQGLVGHYRWHGWR
ODVHUZDNHILHOGDFFHOHUDWLRQRIXOWUDVKRUWHOHFWURQEXQFKHVLQWKH0H9UDQJHSURGXFWLRQRIKLJKEULJKWQHVV
;UD\ EHWDWURQ UDGLDWLRQ DQG PHGLFDO DSSOLFDWLRQV LQFOXGLQJ PHGLFDO LPDJLQJ DQG YHU\ KLJK HQHUJ\ HOHFWURQ EHDP
UDGLRWKHUDS\%XQNHU$LVPDLQO\GHYRWHGWRODVHUZDNHILHOGDFFHOHUDWLRQVWXGLHVDQGZLWKDZRUNLQJOHQJWKRIP
DOORZVIRUGHYHORSPHQWRIFRKHUHQWUDGLDWLRQVRXUFHVVXFKDVDODVHUZDNHILHOGGULYHQ;UD\IUHHHOHFWURQODVHU2WKHU
DSSOLFDWLRQVLQFOXGHUHSOLFDWLQJVSDFHUDGLDWLRQ5DPDQDPSOLILFDWLRQDQGPDQLSXODWLRQRILQWHQVHODVHUSXOVHVLQSODVPD
DQG;UD\GHWHFWRUGHYHORSPHQW%XQNHU% LVFRQILJXUHG IRU ODVHUVROLG WDUJHW LQWHUDFWLRQV WRZDUGV WKHJHQHUDWLRQRI


SURWRQ DQG LRQ EHDPV DQG VHFRQGDU\ SDUWLFOHV DQG DSSOLFDWLRQV VXFK DV VWXGLHV RI ZDUP GHQVH PDWWHU ODVHUGULYHQ
IXVLRQDQGUDGLRJUDSK\

),*85(/D\RXWRI6&$3$UDGLDWLRQEHDPOLQHVZLWKLQWKHFRQFUHWHEXQNHUV5HGVKDGHGUHJLRQVDUHEHDPOLQHDUHDVSURYLGHGE\
WKH7:ODVHU%OXHVKDGHGUHJLRQVDUHEHDPOLQHDUHDVSURYLGHGE\WKH7:ODVHU


),*85(2QHRIWKHSQHXPDWLFDOO\GULYHQFRQFUHWHVKLHOGLQJGRRUV

6&$3$DOVRLQFOXGHVDQXPEHURIDX[LOLDU\URRPVIXPHFXSERDUGVELRORJLFDOVDIHW\FDELQHWVLPDJHSODWHUHDGHU
UDGLRDFWLYHVHDOHGVRXUFHVHWFIRUXVHUSUHSDUDWLRQVDQGSRVWDQDO\VLV$WKLUGODVHUODEIHDWXUHVDN+]UHSHWLWLRQUDWH
7LVDSSKLUHODVHUV\VWHPP-SHUSXOVHWKDWLVXVHGIRUSODVPDGLDJQRVWLFGHYHORSPHQWDFFHOHUDWRURIIOLQHWHVWLQJDQG
IHPWRVHFRQGODVHUPLFURPDFKLQLQJRIZDNHILHOGFDSLOODU\ZDYHJXLGHVDQGSDUWLFOHDQGSKRWRQEHDPILOWHUV
/DVHU SXOVHV DUH WUDQVSRUWHG XQGHU YDFXXP WKURXJK WKH ODVHU ODE IORRUV DQG EXQNHU FHLOLQJV WR WKHLU EHDPOLQH
GHVWLQDWLRQV'LVWDQFHVIURPWKHODVHUYDFXXPFRPSUHVVRURXWSXWWRWKHGHVWLQDWLRQVDUHXSWRPWKHUHIRUHLQRUGHUWR


PLQLPLVHSRLQWLQJIOXFWXDWLRQVLQWKHODVHUEHDPDWWDUJHW6&$3$LVYLEUDWLRQDOO\LVRODWHGXVLQJGDPSLQJV\VWHPVWKDW
LVRODWHWKHEXQNHUVFRQWURODUHDDQG7:ODVHUODEVIURPH[WHUQDOYLEUDWLRQV7KHEXQNHUVFRQVLVWLQJRIQHDUO\WRQV
RIFRQFUHWHRQWKHJURXQGIORRUDUHQDWXUDOO\VWDEOHKRZHYHUVSHFLILFPHDVXUHVZHUHUHTXLUHGWRSURYLGHKLJKVWDELOLW\LQ
WKH ODVHU ODEV VLWXDWHG RQ WRS RI WKH EXQNHUV 7KLV ZDV FRPSOLFDWHG E\ WKH IDFW WKDW 6&$3$ FRPSULVHV RQH SDUW
UHIXUELVKPHQWRIDQH[LVWLQJEXLOGLQJDQGDQRWKHUSDUWWKDWLVDQHZEXLOGLQJVXFKWKDWORDGEHDULQJVXSSRUWFROXPQVLQ
WKHZHVWHUQKDOIRI6&$3$KDGWREHPDLQWDLQHG7KHUHVXOWLVWKDWWKH7:ODVHUODERQWKHSUHH[LVWLQJEXLOGLQJVLGH
VDWLVILHVWKHJHQHULFYLEUDWLRQFULWHULRQ9&&PPVUPVVSHHGYDOXHZKLOHWKH7:ODVHUODERQWKHQHZEXLOG
VLGHPHHWVWKHPRUHVWULQJHQW9&(PPVVWDQGDUG

7:/$6(56<67(0
7KLVODVHUKDVEHHQWKHPDLQVWD\RIWKH$/3+$;SURMHFWVLQFHLWVLQFHSWLRQLQDQGKDVXQGHUJRQHDQXPEHURI
XSJUDGHVVLQFHWKHQ,W LVSUHVHQWO\FRPSRVHGRIDPL[WXUHRIDPSOLILHUVXEV\VWHPVIURPERWK7KDOHV2SWURQLTXHDQG
$PSOLWXGH7HFKQRORJLHVVHH7DEOHZLWKVSHFLILFDWLRQVJLYHQLQ7DEOH$SKRWRJUDSKRIWKHODVHUODELVVKRZQLQ
)LJXUH

6XEV\VWHP 3XOVH(QHUJ\
2VFLOODWRU )HPWRODVHUV)HPWRVRXUFH6\QHUJ\SXPSHGE\&RKHUHQW9HUGL Q-
%RRVWHU $PSO7HFKSXPSHGE\&)58OWUD P-
5HJHQHUDWLYH$PSOLILHU $PSO7HFKSXPSHGE\&)58OWUD	&)5 P-
0XOWLSDVV$PSOLILHU $PSO7HFKSDVVSXPSHGE\&)5 P-
0XOWLSDVV$PSOLILHU 7KDOHVSDVVSXPSHGE\î6DJD P-
0XOWLSDVV$PSOLILHU 7KDOHVSDVVSXPSHGE\î6DJD	î6DJD+3 -
7$%/(0DMRUVXEV\VWHPVRIWKH7:ODVHUV\VWHP


3XOVHUHSHWLWLRQUDWH +]
&HQWUDOZDYHOHQJWK QP
(QHUJ\SHUSXOVHDIWHUFRPSUHVVLRQ -
)XOOZLGWKDWKDOIPD[LPXPSXOVHGXUDWLRQ IV
3UREHEHDPHQHUJ\SHUSXOVHXQFRPSUHVVHG P-
7$%/(6SHFLILFDWLRQVRIWKH7:ODVHUV\VWHP



),*85(7:ODVHUV\VWHPWKDWGHOLYHUVWKHEHDPWKURXJKWKHIORRUORZHUULJKWWR%XQNHU&EHORZ


7:/$6(56<67(0
&XVWRPEXLOWE\7KDOHV2SWURQLTXHWKLVODVHUZDVFRPPLVVLRQHGRQVLWHLQHDUO\DVWKHZRUOG¶VILUVWSHWDZDWW
FODVVODVHURSHUDWLQJDW+]6SHFLILFDWLRQVDQGVXEV\VWHPVDUHVKRZQLQ7DEOHVDQGUHVSHFWLYHO\,WLVVLWXDWHGLQD
FODVV,62FOHDQURRPZLWKDOOPDMRUSRZHUVXSSO\XQLWVORFDWHGLQDQDGMDFHQWURRPWRPLQLPLVHKHDWORDGLQJLQWKH
FOHDQURRP$SKRWRJUDSKRIWKHFOHDQURRPODVHUODELVVKRZQLQ)LJXUH+LJKFRQWUDVWUDWLRLVDFKLHYHGZLWKWKHFURVV
SRODULVHGZDYHJHQHUDWLRQILOWHUV\VWHPDVSDWHQWHGE\7KDOHVDQG/DERUDWRLUHG¶2SWLTXH$SSOLTXpH

3XOVHUHSHWLWLRQUDWH +]
&HQWUDOZDYHOHQJWK QP
(QHUJ\SHUSXOVHDIWHUFRPSUHVVLRQ -
)XOOZLGWKDWKDOIPD[LPXPSXOVHGXUDWLRQ IV
&RQWUDVWUDWLR
#SV
#SV
#SV
6WUHKOUDWLR t
3UREHEHDPHQHUJ\SHUSXOVHXQFRPSUHVVHG P-
7$%/(6SHFLILFDWLRQVRIWKH7:ODVHUV\VWHP


6XEV\VWHP 3XOVH(QHUJ\
2VFLOODWRU &RKHUHQW9LWDUD6SXPSHGE\&RKHUHQW9HUGL* Q-
5HJHQHUDWLYH$PSOLILHU SXPSHGE\-DGH P-
%RRVWHU SXPSHGE\-DGH P-
3UH$PSOLILHU SDVVSXPSHGE\î6DJD+3 P-
0XOWLSDVV$PSOLILHU SDVVSXPSHGE\î6DJD+3 -
0XOWLSDVV$PSOLILHU SDVVSXPSHGE\î*$,$+3 -
7$%/(0DMRUVXEV\VWHPVRIWKH7:ODVHUV\VWHP



),*85(7:ODVHUV\VWHPWKDWGHOLYHUVWKHEHDPWKURXJKWKHIORRUEH\RQGWKHJUH\YDFXXPFRPSUHVVRUFKDPEHU
XSSHUULJKWWR%XQNHU$EHORZ




$33/,&$7,21352*5$00(6
6&$3$ LV RSHQ WR XVHU HQJDJHPHQW DFURVV DOO DUHDV RI UHVHDUFK LQFOXGLQJ GHYHORSPHQW RI SULPDU\ RU VHFRQGDU\
VRXUFHVSURRIRISULQFLSOHGHPRQVWUDWLRQVRU DSSOLFDWLRQRI WKH VRXUFHV6RXUFHGHYHORSPHQW LV DPDMRU DVSHFW RI WKH
UHVHDUFKEHFDXVHODVHUSODVPDDFFHOHUDWLRQXVLQJXQGHUGHQVHRURYHUGHQVHWDUJHWV LVVWLOODPDWXULQJILHOGLQ WHUPVRI
H[SORULQJFRQWUROOLQJDQGVWDELOLVLQJSDUDPHWHUVVXFKDVVRXUFHEULJKWQHVVSRLQWLQJVSHFWUDOUDQJHDQGSXOVHGXUDWLRQ
6&$3$ LV DQ LPSRUWDQW WHVW FHQWUH IRU GHPRQVWUDWLQJ DQG DSSO\LQJ QHZ FRQFHSWV 7KLV LV SHUWLQHQW IRU DSSOLFDWLRQV
UHTXLULQJYHU\KLJKSXOVHUHSHWLWLRQUDWHVN+]WRVRIN+]ZKLFKZLOOUHTXLUHIXWXUHODVHUWHFKQRORJ\XSJUDGHV2WKHU
DSSOLFDWLRQVZLOOUHTXLUHPRELOHODVHUSODVPDDFFHOHUDWRUVLQRUGHUWRWDNHWKHVRXUFHWRWKHVDPSOH

6&$3$LVDQLGHDOWHVWLQJSODWIRUPIRUQHZLGHDVVXFKDVFRQWUROOHGHOHFWURQLQMHFWLRQIRUWKHDFFHOHUDWLRQRIXQLTXH
HOHFWURQEXQFKHVDQGPXOWL*H9HOHFWURQEHDPV,WKDVEHHQVKRZQLQ'DQG'VLPXODWLRQVDQG'VLPXODWLRQV
WKDWDWWRVHFRQGHOHFWURQEXQFKHVDUHLQMHFWHGDWWKHGHQVLW\WUDQVLWLRQIURPWKHXSUDPSWRWKHXQLIRUPUHJLRQ0HWKRGVRI
FRQWUROOLQJERWKWKHGXUDWLRQDQGWKHFKDUJHRILQMHFWHGEXQFKHVXVLQJDWDLORUHGGRZQUDPSVHFWLRQDVKRUWSODVPDGHQVLW\
EXPSRIWKHSODVPDKDYHEHHQGHYHORSHGZKHUHWKHIODWSODVPDUHJLRQLVNHSWEHORZWKHGHQVLW\WKUHVKROGIRULQMHFWLRQ
OHDGLQJWRFRQWUROOHGLQMHFWLRQRIDWWRVHFRQGEXQFKHV,QDOOWKHVHFDVHVWKHSKDVHYHORFLW\FKDQJHVIURPVXSHUOXPLQDO
HOHFWURQYHORFLW\EHORZ WKUHVKROG IRU LQMHFWLRQ WR VXEOXPLQDO HOHFWURQYHORFLW\ DERYH WKUHVKROG IRU LQMHFWLRQ LQ WKH
GHQVLW\WUDQVLWLRQUHJLRQOHDGLQJWRLQMHFWLRQ$QRWKHUVFKHPHLVLRQLVDWLRQFRQWUROOHGHOHFWURQLQMHFWLRQLQWKHVRFDOOHG
VHOIWUXQFDWLRQUHJLPHZKHUHWKHODVHUVSRWVL]HLVQRWPDWFKHGWRWKHSODVPDGHQVLW\DQGHOHFWURQLQMHFWLRQRQO\RFFXUV
RYHUDVKRUWGLVWDQFHSURGXFLQJHOHFWURQEXQFKHVZLWKQDUURZHQHUJ\VSUHDGV/DVHUSURSDJDWLRQWKURXJKWDLORUHGSUH
LRQLVHGSODVPDFKDQQHOVLVDOVRXQGHULQYHVWLJDWLRQ:LWKWKH6&$3$7:ODVHUPXOWL*H9TXDVLPRQRHQHUJHWLF
XOWUDVKRUWHOHFWURQEXQFKHVZLWKH[FHSWLRQDOO\KLJKSHDNFXUUHQWVDUHH[SHFWHGXVLQJWKHVHVFKHPHV

:LWKKLJKHQHUJ\HOHFWURQEXQFKHVSURGXFHGVWDEO\YLDWKHVFKHPHVDVPHQWLRQHGDERYHXOWUDVKRUWFRKHUHQWUDGLDWLRQ
FDQEHSURGXFHG7KHORQJHVWEHDPOLQHLQ6&$3$YLVLEOHLQ%XQNHU$WRZDUGVWKHWRSRI)LJXUHIDFLOLWDWHVH[SORUDWLRQ
RIWKH/:)$DVDGULYHUIRUDQ)(/ZKLFKKDVEHHQDQDPELWLRQLQWKHFRPPXQLW\HYHUVLQFHWKHILUVWGHPRQVWUDWLRQ
RIVSRQWDQHRXVXQGXODWRUUDGLDWLRQZLWKVXFKDGULYHULQ(OHFWURQEXQFKHVRIHQHUJ\XSWR*H9LQ6&$3$ZLOO
JHQHUDWH XQGXODWRU UDGLDWLRQ ZLWK ZDYHOHQJWKV GRZQ WR QP NH9 LH HQFRPSDVVLQJ WKH QP ³ZDWHU
ZLQGRZ´7RDFKLHYH)(/VHOIDPSOLILHGVSRQWDQHRXVHPLVVLRQDORZ'HPLWWDQFHEHDPDQGKLJKTXDOLW\EHDPWUDQVSRUW
V\VWHPLVUHTXLUHG7KHXOWLPDWHJRDO LV WRGHPRQVWUDWHDFRVWHIIHFWLYHDOWHUQDWLYHWRFRQYHQWLRQDO;UD\)(/VZKLFK
UHTXLUHODUJHLQYHVWPHQWVRFFXS\NLORPHWUHVRILQIUDVWUXFWXUHDQGKDYHKLJKUXQQLQJFRVWV

2QH VWHS EH\RQG UHSODFHPHQW RI WKH FRQYHQWLRQDO DFFHOHUDWRU ZLWK D SODVPD DFFHOHUDWRU LV WKH UHSODFHPHQW RI WKH
FRQYHQWLRQDOXQGXODWRUZLWKDSODVPDXQGXODWRUVXFKDVLQWKHLRQFKDQQHOODVHU,WKDVEHHQVKRZQWKHRUHWLFDOO\DQG
QXPHULFDOO\WKDWDWWRVHFRQGHOHFWURQEXQFKHVFDQGLUHFWO\OHDGWRDWWRVHFRQG;89UDGLDWLRQLQWKHH9UDQJHYLD
FRKHUHQWV\QFKURWURQUDGLDWLRQLQVLGHWKHEXEEOH7KHHQHUJ\RIVXFKDQDWWRVHFRQGSXOVHFDQUHDFKWKHP-OHYHOVHYHUDO
RUGHUVRIPDJQLWXGHKLJKHUWKDQWKRVHSURGXFHGYLDKLJKKDUPRQLFJHQHUDWLRQLQJDV0RUHRYHUEHWDWURQUDGLDWLRQLQWHQVLW\
DQGFULWLFDOSKRWRQHQHUJ\FDQEHHQKDQFHGZKHQDFFHOHUDWHGHOHFWURQVLQWHUDFWZLWKWKHODVHUSXOVHUHVXOWLQJLQEHWDWURQ
UHVRQDQFH7KHVHQRYHOUDGLDWLRQVRXUFHVDUHRILQWHUHVWIRUDGYDQFLQJSKRWRQEDVHGDSSOLFDWLRQV

7KH LQKHUHQWO\ VKRUW SXOVHV DQG ODUJH SHDN FXUUHQWV RI HOHFWURQ EHDPV SURGXFHG E\ DQ /:)$ VWDJH ZLOO DOVR EH
H[SORLWHGWRUHDOLVHHOHFWURQEHDPGULYHQSODVPDZDNHILHOGDFFHOHUDWRU3:)$7KLVK\EULGDSSURDFKZLOOKDUQHVVWKH
GLVWLQFWIHDWXUHVRIWKH3:)$VXFKDVGHSKDVLQJIUHHRSHUDWLRQORQJDFFHOHUDWLRQGLVWDQFHVDQGQRYHOLQMHFWLRQVFKHPHV
VXFKDVWKHSODVPDSKRWRFDWKRGHZKLFKSURPLVHVXQSUHFHGHQWHGHOHFWURQEHDPEULJKWQHVV6XFKHOHFWURQEHDPVPD\
KDYHWUDQVIRUPDWLYHLPSDFWRQDSSOLFDWLRQVVXFKDVUHDOLVLQJWKJHQHUDWLRQOLJKWVRXUFHV

7KHH[WUHPHEHDPVWKDWDUHUHDOLVDEOHE\SODVPDDFFHOHUDWRUVDQGLQSDUWLFXODUE\QRYHOLQMHFWLRQVFKHPHVVXFKDV
GRZQUDPSLQMHFWLRQDQGWKHSODVPDSKRWRFDWKRGHDOVRUHTXLUHQRYHOGLDJQRVWLFVDQGPHDVXUHPHQWWHFKQLTXHV,QWKLV
DSSOLFDWLRQWKHPHWKHSODVPDUHVSRQVHWRWKHLQWHUDFWLRQRIHOHFWURQEHDPVDQGODVHUSXOVHVZLWKSODVPDZLOOEHH[SORLWHG
DV D KLJKO\ VHQVLWLYH 
PDJQLI\LQJ JODVV
 WR UHWULHYH PXOWLGLPHQVLRQDO ILQJHUSULQWVRI WKH LQWHUDFWLRQ )RU H[DPSOH WKH
WUDQVLHQWVSDWLRWHPSRUDORYHUODSEHWZHHQHOHFWURQEHDPDQGODVHUEHDPVFDQ\LHOGKRWVSRWVPDQLIHVWHGE\DVXGGHQEXUVW
RI DGGLWLRQDO SODVPD GXH WR WUDQVLHQW WXQQHOOLQJ LRQLVDWLRQ 6XFK HIIHFWV KDYH EHHQ REVHUYHG DW WKH 6/$& 1DWLRQDO
$FFHOHUDWRU ODERUDWRU\ )$&(7 IDFLOLW\ DQG PD\ FRQVWLWXWH D QRYHO JHQHUDWLRQ RI SODVPD GLDJQRVWLFV VXLWDEOH IRU
PHDVXULQJ LQWHQVH EHDP IRUP IDFWRUV HPLWWDQFH DQG EULJKWQHVV GLUHFWO\ DW WKH LQWHUDFWLRQ SRLQW ZLWKRXW QHHG IRU DQ\
PHFKDQLFDOHTXLSPHQWFORVH WR WKH LQWHUDFWLRQ UHJLRQ7KHVH ODVHUJDWHGSODVPDGLDJQRVWLFVZLOOEHFRGHYHORSHGZLWK


LQGXVWU\IRUXVHDW6&$3$DQGRQRWKHUDFFHOHUDWRUV\VWHPVERWKFRQYHQWLRQDODQGSODVPDEDVHG0HWKRGVRIPHDVXULQJ
XOWUDVKRUWEXQFKHVXVLQJFRKHUHQWWUDQVLWLRQUDGLDWLRQZLOODOVREHXVHGWRPHDVXUHWKHGXUDWLRQRIDWWRVHFRQGEXQFKHV

6&$3$ LV DOVRDQ LGHDO HQYLURQPHQW IRU WKHGHYHORSPHQWRISODVPDEDVHGRSWLFV UHOHYDQW WRQH[WJHQHUDWLRQKLJK
LQWHQVLW\ODVHUV\VWHPV7KHTXHVWIRUHYHUKLJKHUODVHULQWHQVLW\WRH[SORUHQHZUHJLPHVLQKLJKILHOGSK\VLFVLVGULYLQJ
UHVHDUFK LQWR SODVPD DPSOLILFDWLRQ PHGLD DQG QRQOLQHDU RSWLFDO FRPSRQHQWV 7KLV LQFOXGHV VWLPXODWHG 5DPDQ
EDFNVFDWWHULQJ LQ SODVPD DFWLQJ DV D GLUHFW DPSOLILHU RI XOWUDVKRUW ODVHU SXOVHV WKDW KDV WKH SRWHQWLDO WR XQGHUSLQ
UHDOLVDWLRQ RI FRPSDFW H[DZDWW ODVHU V\VWHPV $ ZLGH YDULHW\ RI RWKHU SODVPD SKHQRPHQD VXFK DV SODVPD SKRWRQLF
FU\VWDOVLQGXFHGWUDQVSDUHQF\DQGKLJKKDUPRQLFJHQHUDWLRQDUHRSHQIRULQYHVWLJDWLRQDVZHOO

7KHUHVHDUFKSURJUDPPHLQEXQNHU%ZLOOIRFXVRQWKHGHYHORSPHQWDQGDSSOLFDWLRQRISDUWLFOHDQGUDGLDWLRQVRXUFHV
JHQHUDWHGIURPLQWHQVHODVHULQWHUDFWLRQVZLWKGHQVHSODVPDW\SLFDOO\WKLQIRLOVIRDPVDQGSRWHQWLDOO\KLJKGHQVLW\JDV
MHWV6WDQGDUGWKLQIRLOVZLOOEHXVHGLQWKHILUVWH[SHULPHQWVWRFKDUDFWHULVHWKHSURSHUWLHVRISURWRQVEHDPVSURGXFHGYLD
WKH WDUJHW QRUPDO VKHDWK DFFHOHUDWLRQ PHFKDQLVP 'RXEOHSODVPD PLUURU EHDPFRQGLWLRQLQJ ZLOO HQDEOH XOWUDKLJK
FRQWUDVWODVHUSXOVHVWREHGHOLYHUHGDQGWKXVH[SHULPHQWDWLRQZLWKXOWUDWKLQWDUJHWIRLOV7KLVZLOOHQDEOHLQYHVWLJDWLRQRI
SURPLVLQJLRQDFFHOHUDWLRQVFKHPHVLQYROYLQJWKLQIRLOVH[SDQGLQJWRQHDUFULWLFDOGHQVLWLHVLQFOXGLQJUDGLDWLRQSUHVVXUH
GULYHQDFFHOHUDWLRQDQGK\EULGVFKHPHVLQYROYLQJWUDQVSDUHQF\HQKDQFHGDFFHOHUDWLRQ$GHGLFDWHGEHDPOLQHZKLFKFDQ
EHGHYHORSHGDQGRSWLPLVHGRYHU WLPHZLOOHQDEOH WKH IXQGDPHQWDO UHODWLYLVWLF ODVHUSODVPDSK\VLFV WKDWXQGHUSLQV WKH
GHYHORSPHQWRIWKHVHDFFHOHUDWLRQVFKHPHVWREHLQYHVWLJDWHG7KLVLQFOXGHVWKHUROHRIUHODWLYLVWLFLQGXFHGWUDQVSDUHQF\
ZKLFK FDQ RSHQ XS QHZ GHJUHHV RI FRQWURO RQ ODVHUGULYHQ LRQ DFFHOHUDWLRQ 7KH WUDQVLWLRQ EHWZHHQ DFFHOHUDWLRQ
PHFKDQLVPVHQDEOHGE\WKHXVHRIXOWUDWKLQIRLOVDQGFRQWURORIWKHODVHUSXOVHSDUDPHWHUVZLOODOVREHLQYHVWLJDWHG7KH
KLJKUHSHWLWLRQUDWHFDSDELOLW\RIWKH7:ODVHUDW6&$3$ZLOOHQDEOHGHQVHSODVPDVWXGLHVDWWKHIRUHIURQWRIWKHILHOG
WREHFRQGXFWHGZLWKXQSUHFHGHQWHGGHWDLODQGVWDWLVWLFDOVLJQLILFDQFH7KLVZLOOVXSSRUWDJUHDWHUXQGHUVWDQGLQJRIWKH
XQGHUSLQQLQJSK\VLFVRIQRYHOODVHUGULYHQSDUWLFOHDQGUDGLDWLRQVRXUFHVLQGHQVHSODVPD

$ZLGHSDUWRIWKHHOHFWURPDJQHWLFVSHFWUXPLVFRYHUHGLQ6&$3$E\DYDLODEOHSKRWRQVRXUFHVHLWKHUGLUHFWIURPWKH
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